Background. Health-care systems need actionable information on amputation rates in order to improve foot-care delivery.
minimize possible biases resulting from differences in disease severity [13] . It also allows to determine the maximal amputation level (major versus minor) per episode when multiple amputations were performed on a patient [14] .
Measures that distinguish levels of maximal amputation for an individual are desirable to provide actionable information for quality improvement. Since major (below and above knee) and minor (toe and mid-foot) amputations have markedly different functional outcomes [1] , preserving as much of the lower extremity as possible is an essential goal for a patient in need of limb salvage. To do so may require a minor amputation in an attempt to preserve maximal function; a study indicated that a comprehensive foot-care team decreased major but not minor amputation rates [6] . In contrast, an emphasis on coordination of footcare surveillance by primary-care teams can result in a reduction in minor foot lesions [5] and perhaps minor amputations [15] .
The Veterans Health Administration is an ideal setting to study variations in amputation rates in systems. The Veterans Health Administration is the US largest integrated health-care system [16] , with functionally independent regional networks. One in five veterans who use the Veterans Health Administration has diabetes [11] and the prevention of amputations is a critical mission of the Veterans Health Administration [17] . The objective of this study is to determine whether regional variation in footcare outcomes differed using total, major and minor amputation rates.
Methods

Data sources and study population
This study used the Diabetes Epidemiology Cohort study data, a research administrative database from the Veterans Health Administration and the Centre for Medicare and Medicaid Services for all Veterans Health Administration patients with diabetes. Diabetes was determined using a validated approach based on having two or more diabetesspecific International Classification of Diseases, ninth edition (ICD-9-CM) codes (250.xx, 357.2, 362.0, 366.41) from inpatient or outpatient physician visits (Veterans Health Administration and Medicare) over the 24-month period of fiscal years 1998 and 1999 (1 October 1997 to September 1999) [11] . Because many veteran Veterans Health Administration users (75%) utilize both the Veterans Health Administration and Medicare for health care and risk covariates and amputation outcomes could be substantially underestimated using Veterans Health Administration data only [18] , we limited our study cohort to diabetic veteran clinic users who were also enrolled in Medicare fee-for-service in fiscal years 1999 and 2000 to capture totality of data from both health-care systems. We defined the cohort and baseline adjustment variables in fiscal year 1999 (1 October 1998 -30 September 1999) and measured the outcomes in fiscal year 2000 (1 October 1999 -30 September 2000 . This analysis included 331 806 patients who met the definition of diabetes, enrolled in both Veterans Health Administration and fee-for-service Medicare and were alive as of 30 September 1999. The VA New Jersey Health care System Institutional Review Board approved the study.
Outcome measures
We defined amputation hospitalizations as those with the ICD-9-CM procedure code for any lower extremity amputation (84.1x) in any field in either Veterans Health Administration Patient Treatment Files or Medicare Part A files [18, 19] . Minor amputations were defined as toe (84.11), transmetatarsal (84.12 -84.13) and transtibial (84.14) amputations. Major amputations were defined as transtibial (84.15, 84.16) and transfemoral (84. 17 -84.19) amputations. Multiple procedures with the same ICD-9-CM code on the same day were considered to be a single amputation since there are no modifiers to enable identification of bilateral amputations. Different amputation codes during the same hospitalization were assigned as a single procedure at the highest level.
Risk adjustment and independent variables
We used the known risk factors for lower extremity amputations [3] and classified them into demographic variables (age, sex, race), foot risk factors (chronic infections, peripheral vascular diseases, foot deformity, prior amputation) and medical comorbidities (cardiovascular disease, congestive heart failure, stroke, any renal disease).
Demographic variables were obtained from Medicare files, where race was self-reported [11] . All comorbid conditions and foot risk factors were identified using ICD-9-CM codes present in fiscal year 1999 inpatient or outpatient Veterans Health Administration and Medicare claims data. Table 1 lists the corresponding ICD-9-CM codes for foot risk factors considered in the study. Race was excluded from the risk-adjustment model to avoid the possibility of adjusting away differences in outcomes due to differential treatment of veterans based on race. Gender was not entered in the risk-adjustment model due to the small proportion of women in the sample.
Multiple logistic regression models were used to model the occurrence of adverse outcomes. In the first model, we evaluated the risk of having any amputation (major or minor). In the second model, we used a multinomial logistic regression model to evaluate the risk of having a major amputation versus no amputation, as well as the risk of having a minor amputation versus no amputation. We validated the predictive performance of the models using a full model containing all independent variables using a bootstrap method [19, 20, 21] . We used the c-statistic to evaluate the discriminative ability of the model to distinguish an amputation event from a non-event.
Statistical analysis of regional network outlier status
The Veterans Health Administration was composed of 143 facilities in fiscal year 2000, organized into 22 regional networks (also known as Veteran-Integrated Service Networks) with 6-10 facilities each. Veterans could have received primary care and foot-related care at one facility, but have undergone amputations at another facility with a surgical programme in the same network. Since the totality of foot care was likely to be within the network, and because of the small number of amputations per facility, we ranked only the network amputation rates. Networks were ranked in order of their standardized (risk-adjusted) amputation ratios (observed-to-expected ratios). The observed numbers of total amputations were determined in each network. Expected numbers of amputations in each network were calculated by summing the predicted probability of amputations derived from the risk-adjustment models. With an observed-to-expected ratio of one, the number of amputations observed equals the number expected calculated from the model. Networks were identified as outliers if the 99% confidence interval [22] for the observed-to-expected ratio did not include one. Networks were classified as high outliers if observed-to-expected ratios .1 and as low outliers if observed-to-expected ratios ,1. Note that the outlier identification is solely based on statistical significance tests. We compared the outlier status determined by total, major and minor amputations using a tree diagram, and depicted the relationship between the observed-to-expected ratios based on major and minor amputations in a scatter plot. We also report the Spearman's rank correlation coefficients for the different amputation outcomes.
Results
There were 331 806 patients included in the study. As shown in Table 2 , they were largely male (98.5%) and white (79.3%); 31.6% of the study population were aged 75. They had a high prevalence of comorbid conditions: 22.0% with congestive heart failure, 46.7% with ischaemic heart disease, 3.1% with stroke and 12.4% with renal diseases. The prevalences of prior minor and major amputations were 0.5 and 0.6%, respectively. These 331 806 veterans incurred a total of 4037 amputations in either Veterans Health Administration or private sector hospitals in fiscal year 2000 (12.2 per 1000 patients; range by region 9.3 -16.7). There were 2271 major amputations (6.8 per 1000 diabetes patients; range 4.7 -9.1) and 1766 minor amputations (5.3 per 1000 patients; range 3.9 -7.6). Table 3 shows the results for total (versus none), major (versus none) and minor (versus none) amputations. Veterans who were between 50 and 74 years old and who had skin infections, prior minor amputation, peripheral vascular disease conditions, renal disease, congestive heart failure and no prior major amputation were at highest risk for amputations in fiscal year 2000. The model had an R 2 of 0.18 and c-statistic of 0.80 for total amputations versus no amputation; for major amputations, the R 2 was 0.17 and the c-statistic was 0.81; for minor amputations, the R The results of ranking and outlier status based on the risk-adjustment models are included in Table 4 . To facilitate interpretation of these results, identification of regional outliers based upon total versus major amputation observed-toexpected ratios is shown in Fig. 1 . All the regional outliers based upon total amputation ratios were also outliers based on major amputation ratios. However, among the five nonoutliers based on total amputations, one had a higher than Amputation rates are expressed as per 1000. Each P-value is from a chi-square test that tests for the hypothesis of no bivariate association between amputation outcomes (major, minor and no amputation) and one of the risk factors/independent variables. P-values for bivariate associations for the total amputations and population characteristics were all ,0.001. There were 66 patients without racial information; only one of them had a (minor) amputation in fiscal year 2000. They were combined with 'other' group.
expected major amputation rate and one had a lower than expected major amputation rate. Of the 11 regions determined as low outliers by major amputations, two (O, V) had less than expected minor amputation ratios, one (A) had a higher than expected minor amputation rate and the rest were non-outliers. Of the eight high outliers by major amputations, two (E, L) had higher than expected minor amputation ratios, one had a lower than expected ratio (T) and the remaining were non-outliers. Figure 2 plots the risk-adjusted ratios for major and minor amputations by region. We divided the grid into quadrants based on the ratios .1 and ,1. Seven regions (C, D, K, M, O, R, V) were in Quadrant 1 (lower than expected major and minor amputations); four (A, B, N, U) were in Quadrant 2 (lower than expected major and higher than expected minor amputations); seven (E, G, I, J, L, P, S) were in Quadrant 3 (higher than expected major and minor amputations) and four (F, H, Q, T) were in Quadrant 4 (higher than expected major and lower than expected minor amputations). Overall, two regions (J, S) were non-outliers by both measures of amputations. One or two regions were outliers for both major and minor amputations in each quadrant; these regions were O and V (Quadrant 1), A (Quadrant 2), E and L (Quadrant 3) and T (Quadrant 4).
The Spearman's Rank correlation coefficients were 0.90 (P , 0.001) for total versus major amputations, 0.53 (P ¼ 0.01) for total versus minor amputations and 0.18 (P ¼ 0.43) for major versus minor amputations.
Discussion
We developed and applied measures of total, major and minor amputation rates in 22 of major amputation rate alone accurately identifies regions that are outliers by total amputation rates. However, we also show that regions that are not outliers by total amputation rates can be outliers by major and/or minor amputation rates. Therefore, simultaneously examining major and minor amputation rates provides important additional information that would not be evident if only total amputation rates were evaluated. Our results support the Organization for Economic Cooperation and Development decision to use major amputations as a public health indicator [10] , in contrast to the US Agency for Health care Research and Quality and the Department of Health and Human Services recommendations to use total amputations (8.9). They also provide empirical support for the argument that it is important to distinguish between major and minor amputations when making inferences about the quality of foot care in diabetes [14] . Several recent studies have highlighted the rates of both minor and major amputations [6, 23, 24] . Wrobel et al. [25] recently proposed using a ratio of major to minor amputation rates to assess foot-care programme performance based on the analyses of hospital discharge data.
The regional differences in major and minor amputation rates could reflect the underlying differences in structure, process and patient characteristics. The additional information provided by the simultaneous use of risk-adjusted major and minor amputation rates is potentially useful to clinical managers who evaluate the individual components of foot-care programmes: identification of patients at risk for lower extremity complications through population screening; close surveillance of those at risk with preventive foot care and a multidisciplinary approach to treatment of lower extremity complications in order to either prevent amputation or maintain the highest level of function by avoiding major amputations. The roles and responsibilities of health-care professionals may differ for each component of a foot-care programme; thus, success in one component (e.g. screening of risk factors by primary care) may not correlate with success in another component (e.g. limb salvage through multidisciplinary specialty care) [26, 27] .
We present a visual representation of major and amputation rates (as depicted in Fig. 2 ) that may facilitate comparisons of regional amputation outcomes and can prompt a search for ways to improve these outcomes through modification of foot-care programmes. For example, regions which are low outliers by both minor and major amputation rates (regions O and V in Quadrant 1 of Fig. 2 O/E, observed-to-expected ratio for total amputations; O1/E1, observed-to-expected ratio for major amputations; O2/E2, observed-to-expected ratio for minor amputations; ' " ', high outlier; ' # ', low outlier.
components of foot-care. In contrast, regions that had low rates of major amputations but higher rates of minor amputations (region A in Quadrant 2) could be postulated to have excellent salvage teams but may need to review their surveillance processes. Regions with high rates of major and low rates of minor amputations (region T in Quadrant 4) may need to focus on their multidisciplinary foot care, whereas those with higher than expected rates of both major and minor amputations (regions L and T in Quadrant 3) may need more comprehensive evaluation. On the basis of an evaluation of 10 Veterans Health Administration facilities in 2000 -2001, we suggest that Figure 2 Scatter plot of the observed-to-expected (O/E) ratios based on major and minor amputations. managers and clinicians could evaluate local policies and procedures [27] , conduct surveys of the clinician and administrative cohesiveness of the foot-care programmes [15] and evaluate the microsystem of foot care [28] . It may also be necessary to evaluate other elements, such as the volume of surgery performed and the composition and experience of multidisciplinary foot-care teams. This approach is encouraged by the Veterans Health Administration preservation, amputation care and treatment programme at all Veterans Health Administration facilities [17] . Over a 7-year period (1999 -2005) , the rates of diabetes-related major and minor amputations performed in Veterans Health Administration hospitals have decreased with an increasing proportion of minor amputations [29] .
This study has several advantages. Using individual-level data, we were able to reliably ascertain the population of people with diabetes, their foot risk predictor variables and amputation outcomes, avoiding likely overestimation of amputation rates associated with the use of aggregated data [30] . At the same time, complete reliance on administrative data results in some limitations. The under-coding of an important risk factor for amputations, diabetic neuropathy, made detection of this condition infeasible using available claims data [14] . Finally, our methods need to be validated in other health-care settings and other time periods.
The simultaneous evaluation of risk-adjusted major and minor amputation rates provides important additional information beyond total or major amputation rates alone and could enhance the ability of clinical and policy decisionmakers to improve foot-care programmes.
